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In  recent papers  from  this  laboratory,  references to  which  are 
given below, various  observations  on  the  cytology of  the  thoracic 
duct  lymph  under  normal  and  under  definite  induced  conditions 
have  been  made.  To  these  reports  are  appended  complete  bibli- 
ographies  of the subjects. 
In  anticipation  of  occasional  reference to  these  papers  in their 
relation to the work here reported, it seems desirable to summarize 
briefly in the words of the authors some of the points  established. 
"Muscular activity (struggle)  produces a prompt increase in the 
output  of lymphocytes through the thoracic duct"  (Rous  (I)). 
"The  intravenous  injection of  pilocarpine nitrate  causes  in  the 
dog  a  rapid  and  considerable  increase  in  the  output  of  lympho- 
cytes through  the thoracic duct"  (Rous  (2)). 
Intramuscular  injection  of  pilocarpin  hydrochlorid  is  followed 
immediately by an increase in the number of cells in the thoracic 
duct lymph of the dog.  "This increase is interrupted by the action 
of Roentgen irradiation,  and the number can be reduced to below 
the initial count"  (Dixon (3)). 
In determining variations  from  relatively normal cell counts  of 
the lymph, Rous's  (4)  data given in his paper, "Some Differential 
Counts of the Cells in the Lymph of the Dog," have been used. 
In  the  course  of  these  investigations,  the  relations  which  the 
spleen might bear ,to the processes  involved and  to the end results 
were considered to be of more than a  passing interest.  This  was 
especially true in estimating the effects of pilocarpin on the lymph 
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stream.  The probable methods and seats of action by which lym- 
phocytosis is  induced by pilocarpin, have been cited and discussed 
in the papers referred to. 
Previous  to  the  reports  cited  above,  the effects upon the blood 
of dogs of splenectomy and thoracic duct fistula,  each alone and in 
combination, were observed and  reported by Biedl and Decastello 
(5),  Selinoff (6),  Crescenzi  (7),  and Parodi  (8), but the effects 
of  spleneetomy upon  the cell  content  of  the  thoracic  duct lymph 
have not been reported heretofore.  Neither do I  find discussed the 
results of splenectomy upon the effects of pilocarpin injections nor 
the  effects of pilocarpin upon the  results  of splenectomy.  These 
three points have been studied in the experiments to be described. 
The accompanying tables  are  intended to be,  to a  great degree, 
self-explanatory, thus making unnecessary any detailed description 
of the results or of the steps  in the various processes. 
In  all,  ten  experiments  were  made  on  ten  animals.  In  each 
experiment,  it  was  possible  to  obtain  observations  upon  at  least 
two of the points in question.  The ten experiments will be taken 
up  in  the  order  in  which they were carried out,  and  will be  ac- 
companied by  such  interpretations of  the  methods and  results  as 
seem warranted. 
Dogs were used in all  experiments.  In every instance in which 
the animals were allowed to recover after the operation, as in cases 
of  splenectomy  to  be  followed  later  by  an  examination  of  the 
lymph, ether or chloroform was  administered, and  the operations 
were performed under  regular surgical  conditions.  In  the  other 
cases,  chloretone served as the anesthetic, and was administered in 
two gram doses either in alcoholic solution by means of a  stomach 
tube, or, as was found to be equally effective and more convenient, 
in crystal form in one gram capsules.  In all  operations, care was 
taken to  prevent any unnecessary hemorrhage.  The exposure of 
the thoracic duct~and the insertion of the cannulas were done after 
the methods I  have described in  a  former paper.  Lymph smears 
and counts were made from drops as they appeared at the end of 
the  cannula.  These  were  stained  by  Wright's  method,  and  by 
methylene-blue after  fixation  in  absolute  alcohol  and  ether.  In 
only two instances was there any clotting within the cannula, and Robert L. Dixon.  65 
in both  of these  there had been a  depar,ture  from our custom of 
keeping the  cannulas in  sulphuric acid and then washing them in 
distilled water. 
The first three experiments were planned to demonstrate the late 
effects of splenectomy upon the lymph, also the effects of pilocar- 
pin  upon  the  lymph cell  count  a  number of  months  after splen- 
ectomy.  These three experiments are so much alike that they may 
be considered together. 
_At  periods  of  eight,  eight  and one-half,  and  nine  and  one-half 
months, respectively, after splenectomy, thoracic duct fistulas were 
established and the  routine examinations of the lymph and blood 
were made. 
By reference to the tables,  it is seen that twenty to thirty minutes 
after  the  insertion  of  the  cannulas  the  total  cell  counts  of  the 
lymph cells  in these three dogs were 7,850,  5,5oo,  and 9,ooo cells 
per cubic millimeter of lymph.  In view of the fact that no counts 
TABLE  I. 
Thoracic  Duct  Cannula Inserted  Eight  Months  after  Splenectomy. 
Time. 
20 minutes 
after insertion 
of thoracic 
duct cannula 
20 minutes 
after insertion 
of  thoracic 
duct cannula 
35 minutes 
after  insertion 
of  thoracic 
duct cannula 
35 minutes 
after  insertion 
of  thoracic 
duct cannula 
55 minutes 
after  insertion 
of  thoracic 
duct cannula 66  Effects of Splenectomy in the Dog. 
TABLE  II. 
Thoracic Duct Cannula Inserted Eight and One-half Months after Splenectomy, 
I  .,ood. 
Time.  ~ "~ 
30 minutes 
after insertion 
of thoracic 
duct cannula 
30 minutes 
after  insertion 
of  thoracic 
duct cannula  15  rag. 
45 minutes 
after  insertion 
of  thoracic 
duct cannula 
45 minutes 
after  insertion 
of  thoracic 
duct cannula 
65 minutes 
after  insertion 
of  thoracic 
duct cannula 
3 °  rag. 
of cells  had been made before or at  the time of the splenectomy, 
any change effected must be ascertained by comparison with counts 
made upon other animals. 
By comparison with Rous's table (4) it appears that these counts, 
both total and differential, come well within normal limits.  From 
this we are led to believe that upon the cell count splenectomy has 
no effect which is persistent through or after a period of from eight 
to nine and one-half months. 
For the blood counts practically the same can be said.  When we 
consider the wide range of variation in the total  white cell  count 
which might be brought about during the course of nine months by 
other factors than splenectomy, the differences here noted have little 
value.  If  counts  had  been  made  frequently during  the  interval, 
some significant change might have been discovered.  Among the 
observers,  however,  on  this  point,  there  is  a  wide  diversity  of 
opinion. Robert L. Dixon.  67 
TABLE III. 
Thoracic  Duct Cannula Inserted Nine  and  One-half Months  after Splenectomy. 
Time. 
30 minutes 
after insertion 
of thoracic 
duct cannula 
30 minutes 
after  insertion 
of  thoracic 
duct cannula 
45 minutes 
after  insertion 
of  thoracic 
duct cannula 
45 minutes 
after  insertion 
of  thoracic 
duct cannula 
65 minutes 
after  insertion 
of  thoracic 
duct cannula 
O 
5  rag. 
0  rag. 
After material had been collected for these preliminary counts, 
an intramuscular injection of fifteen  miUigrams of pilocarpin hydro- 
chlorid  was  administered.  Fifteen minutes later,  counts  of  cells 
showed an increase in the lymph and in  the  blood,  except in  the 
case of table III where there was a slight decrease in the total white 
blood cells.  The increase in cells in the lymph is relatively greater 
than  in  the  blood.  Several  counts  were  made  during  the  next 
twenty minutes but  showed no change beyon  d  the usual variation 
in successive cell  counts. 
Fifteen minutes after the  first  administration  of  pilocarpin,  a 
second quantity, this time thirty milligrams, was given in the same 
manner.  Counts  following this  administration showed a  further 
increase  in  the  number  of  cells.  The  total  increase  secured  by 
both  doses  of the  drug varied between  I,ooo  and  2,000  for  the 
lymph, and 2,000  and 5,2oo  for the blood.  These were relatively 68  Effects of Splenectomy in the Dog. 
large doses of pilocarpin.  The increase secured is, at first considera- 
tion,  somewhat  marked,  but  upon  comparison  with  the  changes 
that  pilocarpin  induces  in  dogs  that  have  not  been  previously 
treated as these animals had,  it is relatively slight,  for, in the con- 
trol experiments cited,  it was not uncommon to  obtain an increase 
of more than  IOO per  cent. 
We are led to think,  then, that by removing the spleen, we have 
interfered with some important  factor  in the effects of pilocarpin 
upon the cells of the lymph and the blood.  In addition to this.  we 
may as reasonably think that some factor in the action of the drug 
remains which tends to increase the mononuclear cells of the lymph 
and both  the mononuclear and the polymorphonuclear elements in 
the blood.  A  consideration of these factors will be taken up later. 
At autopsy, these three dogs revealed nothing of note.  The hemo- 
lymph-nodes could not  be  said  to  be  increased in  number or size. 
The effects in  this  respect are not at all  comparable  to  the results 
of splenectomy in sheep, as reported by Professor Warthin  (9). 
In  general,  then,  from these three  cases  we may say that:  (I) 
splenecWmy has  no appreciable  effect upon the cell content of the 
thoracic duct  lymph after a  period  of  eight or  nine months;  (2) 
the  effect  of  pilocarpin  upon  dog.s  splenectomized  eight  or  nine 
months previously, is  a  definite increase in the number of the cells 
in the thoracic duct lymph, but  this  increase is  not  so  marked as 
in dogs which have not been splenectomized, as has been shown by 
former sets of investigations done in this laboratory. 
The next three experiments were intended to  exhibit the earlier 
effects  of  splenectomy upon  the  cell  content  of  the  duct  and  the 
action of pilocarpin.  Accordingly, three dogs were splenectomized 
and then subjected to routine examinations  for one, two, and  four 
weeks, respectively.  The conditions developing are shown in tables 
IV, V, and VI. 
The comparison of the blood cell counts made at the time of the 
first  and  second  operations,  shows  no  uniformity  in  change.  It 
will be seen by reference to  tables  IV,  V,  and VI,  that  two  dogs 
underwent a  decrease in white blood cells,  and  one showed an in- 
crease.  The cases showing a  decrease were examined one and two 
weeks,  respectively, after splenectomy, while  the  case  showing an Robert L.  Dixon.  69 
increase was examined  four weeks after the preliminary  operation. 
From  this  we should  not presume  to  conclude  that  the  immediate 
TABLE  IV. 
Thoracic  Duct  Cannu[a  Inserted  One  Week after Splenectomy. 
Lymph.  Blood. 
oo°  ;.  Time.  ~  o~.  ~o  ~  "*3  ~.  " 
At  time  of 
splenectomy  II,4oo I  x2o  417  537 
3o minutes 
after insertion  ~95 
of  thoracic 
duct cannula  ~,3o,  364  30  2  396  9,500 [  74  22i 
30 minutes  t  I  after insertion 
of thoracic 
duct cannula  2o rag. 
60 minutes  [----'----'  ----I-----  114,900' -~I~  ~i--  -  after insertion I  I  l  I 
of thoracic  ]  }  /  I 
duct cannula  ] 6,8oo t  47x  I  42  I  6  519  476 
TABLE  V. 
Thoracic  Duct  Cannula  Inserted  Two  Weeks  after  Splenectomy. 
Lymph.  Blood. 
Time, 
At time of 
splenectomy 
30 minutes 
after insertion 
of thoracic 
duct cannula 
30 minutes 
after insertion 
of thoracic 
duct cannula 
6ominutes 
after insertion 
of thoracic 
duct cannula 
~  ='6 
6,000  359  26 
7,900  4IO  I  39 
6 
o  oo 
~  eg 
38I 
I 
v  o~ 
....  386  9,4oo  xox 
45o  io,ooo~  t43 
~_  ~  ~ 
20,25£  IIO  420 
9,4oo  }I  320 
~o,ooo~  !-3  L  422 
ou 
530 
42I 
565 
& 
20  rag. Time. 
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TABLE  VI. 
Thoracic Duct Cannula Inserted Four Weeks after Splenectomy. 
Lymph. 
At time of 
splenectorny 
3o minutes 
after insertion 
of thoracic 
duct cannula 
3o minutes 
after insertion 
of thoracic 
duct eaunula 
60 minutes 
after insertion 
of thoracic 
duct cannula 
o~ 
~.  6. 
L 
•  ,8oo  436  29 
b4ool  388  ]  36 
m  -d  • 
70 
466 
428 
I3,5oo 
16,ooo 
I8,OOO J 
Blooc 
ou 
66  217  283 
II~  42~  533 
6 
20 rag. 
effect of  splenectomy  is  a  reduction  of  the  white  cell  count  to  be 
followed by a  secondary rise after three or four weeks.  Yet this  is 
suggested when we take into considera.tion the fact that  an increase 
in  white  cells  in  the  blood  is  the  usual  sequence  of  an  abdominal 
operation  upon  a  dog.  These  decreases  in  cells  would seem  to be 
attributable to the removal of the spleen, and to be greater than  the 
figures show on accoun,t of having to offset the usual rise in the cell 
count.  To  form  any  definite  basis  for  such  conclusions,  it  would 
have  been  necessary  to  make  counts  at  frequent  intervals,  and  to 
take into  consideration  the  healing  of  the  laparotomy  wounds,  the 
possibility  of  infection,  ,the  food  furnished  the  animals,  and  all 
factors  likely  to  effect  changes  in  the  cell  counts. 
On this point, observers have  reached no uniform conclusion,  for 
either  their  results  have  lacked  mUformity  or  secondary  factors 
were not  taken  into  consideration  in  all  cases. 
On  turning  our  attention  to  the  lymph,  we  note  by comparison 
with our adopted standards  of normal counts, that the numbers  fall 
within  normal  limits,  but are  relatively low. 
When  we compare  tables  IV,  V,  and  VI,  with  tables  I,  II,  and Robert L. Dixon.  71 
III,  we find a  definite relative  decrease in the cells in the  former, 
i. e., in the animals splenectomized for only one to four weeks.  In 
these, the average cell count is  3,ooo  or more per cubic millimeter 
less than in tables I, II, and III.  It seems apparent, then, that the 
removal of the spleen  establishes  a  lower cell count, but that  this 
does not persist  more than a  few momhs. 
In  each of  these  cases,  twenty milligrams  of  pilocarpin  hydro- 
chlorid were injected into  the thigh muscles.  Counts made thirty 
minutes later showed a definite rise in the number of both blood and 
lymph cells.  These increases are practically the same in amount as 
in tables I, II, and III.  But by comparison with the tables of dogs 
that had not been splenectomized, one must conclude that the effect 
is not marked.  So it appears that soort after splenectomy---one to 
four weeks~the effect of pilocarpin is also much less than in non- 
splenectomized dogs. 
In the  next experiment, table  VII,  a  cannula was  inserted into 
the thoracic duct of a  normal dog. 
TABLE  VII. 
Insertion  of  Thoracic Duct  Cannula Followed  by Splenectomy. 
Events and time. 
30 minutes after insertion of thoracic 
duct cannula 
3o minutes after insertion of thoracic 
duct cannula 
6o minutes after insertion of thoracic 
duct cannula 
6o--65  minutes  after  insertion  of 
thoracic duct cannula, spleen removed 
xo minutes after removal of spleen 
3o minutes after removal of spleen 
Lymph. 
-"  I~. 
~6 
2,5OO  320 
4,800  447 
5,25o  24I 
3,ooo  310 
30  7  i  357 
5 z  5  i5o3 
to  i  252 
'x6  4  330 
o~ 
20 mg. 
Thirty minutes after the insertion of the cannula into the thoracic 
duct,  the cell count of the lymph was  2,5oo  per  cubic millimeter. 
Twenty milligrams  of  pilocarpin hydrochlorid were then  injected 
deeply into the thigh muscles.  At the end of half an hour, the count 
had nearly doubled, reaching 4,8oo per cubic millimeter.  Then the 72  Effects of Splenectomy in the Dog. 
spleen  was  quickly  removed  without  loss  o~  blood  and  with  as 
little manipulation of the tissues as possible.  This  required about 
five  minutes.  The cell  count  was  5,250  per  cubic  millimeter,  or 
more than IOO per cent. increase over the original count.  Twenty 
minutes later the number had  fallen to 3,oo0 per cubic millimeter, 
or to nearly the original number. 
This  experiment was planned to show the effect of splenectomy 
upon the changes induced by pilocarpin.  From the figures, it ap- 
pears that the pilocarpin brought about the usual increase of cells, 
which continued after the secondary operation, or was augmented 
thereby.  Then,  sooner than usual after this  amount of the drug, 
the number of cells  fell rapidly.  It might be considered, therefore, 
that  splenectomy inhibited in some degree the effects of the drug. 
This point will be  discussed later in connection with other experi- 
ments made under equivalent conditions. 
The first part of the next experiment, table VIII,  is a  duplicate 
of the preceding one. 
TABLE  VIII. 
Insertion  of  Thoracic Duct  Cannula  Followed  by  Splenectomy. 
Event, and  time.  ~ 
3o minutes after insertion of thoracic 
=-6 
o~ 
duct cannula  I  4'000 
30 minutes after insertion of thoracic  I 
duct cannula  [ 
5o minutes after insertion of thoracic  I 
duct cannula  [  6,5oo 
5o-55  minutes  after  insertion  of  I 
thoracic duct cannula, spleen re- 
moved 
x5 minutes after removal of spleen  7,ioo 
35 minutes after removal of spleen  3,4o0 
35  minutes after removal of spleen 
55 minutes after removal of spleen  3,5oo 
218 
335 
360 
24o 
312 
Lymph. 
1;I  '  o~ 
aa,-  6 
31 
42 
35 
22 
30 
252 
384 
399 
266 
348 
o 
2o  rag. 
20 rag. 
The preliminary count of 4,00o per cubic millimeter increased in 
twenty minutes after administration of twenty milligrams of pilo- 
carpin to 6,5oo.  Then the spleen was removed, and a count taken 
fifteen  minutes  later  showed  7,Ioo  cells  per  cubic  millimeter. Robert L. Dixon.  73 
Twenty minutes after this count, the number had  fallen below the 
original count. 
This  again  argues that by  removing the spleen, we  have  inter- 
fered with the action of the pilocarpin, because,  from former ex- 
perience, we should not expect the effect of the drug to be exhausted 
so soon.  However, it occurs that the point can be more definitely 
ascertained by administering a  second dose of pilocarpin.  Accord- 
ingly,  a  second dose  of  twenty  milligrams was  injected  and  the 
effects noted.  After a  period of twenty minutes, there was  prac- 
tically no change in the~cell count, there being an increase of only 
one hundred cells per cubic millimeter. 
This adds weight to the conclusion that the spleen is an important 
factor in bringing about the lymphocytosis ir~duced by pilocarpin. 
The  usual  experience  has  been  that  a  second  administration  ap- 
proaches nearly the first count.  In this  instance, it  is  fair  to  say 
that the action of the drug was apparently inhibited by the absence 
of the spleen. 
In  the preceding experiments, we  have  shown by  numbers  the 
effects of spleneetomy, both late and relatively early,  upon the cell 
content  of  the  thoracic  duct.  We  have  also  demonstrated  the 
effect of pilocarpin after splenectomy, and, in the last experiment, 
the effect of pilocarpin before and after splenectomy. 
TABLE  IX, 
Insertion  of  Thoracic  Duct  Cannu¢a Followed  by  Splenectom,y. 
Events  and  time. 
30 minutes after insertion of thoracic 
duct cannula 
3o-35  minutes  after  insertion  oI 
thoracic  duct  cannula,  spleen re- 
moved 
Io minutes after removal of spleen 
2o minutes after removal of spleen 
3o minutes after removal of spleen 
3o minutes after removal of spleen 
50 minutes after removal of spleen 
7o minutes after removal of spleen 
Lymph. 
8,600 
9,750 
8,000 
6,200 
7,800 
5,ooo 
29i 
3Io 
,.,., o 
4I  o  332 
43  4  357 
.=. =o 
20  mg. 74  Effects of Spleneetomy in the Dog. 
The  next  step was  to ascertain  the  immediate  effect of  splenec- 
tomy and  how this  effect is modified by pilocarpin. 
The usual count was made of the cells in the thoracic duct lymph 
of a  dog that  had  not been treated  in any way.  This  count shows 
8,6oo per cubic millimeter.  The  spleen was then  removed and  the 
next count  gave 9,75  °  cells per cubic millimeter,  or  an  increase  of 
over  I,ooo cells  per  cubic millimeter.  The  next  count,  made  ten 
minutes later,  showed a  decrease to 8,ooo per cubic millimeter,  and 
still  later  to  6,2oo per  cubic millimeter. 
This  then  may be said  to  show  that  the  early effect of splenec- 
tomy is an  increase  in cells in the lymph,  followed very soon by a 
decrease  which may carry the curve below the original  count. 
After making these observations, twenty milligrams  of pilocarpin 
hydrochlorid  were  given,  and  at  the  end  of  twenty  minutes  the 
number  had  again  gone  up  to  7,8oo  per  cubic  millimeter.  This 
number was not maintained  for any length  of time, but in the next 
twenty  minutes  it  had  decreased  to  5,ooo  per  cubic  millimeter. 
This  action of pilocarpin  is in harmony with the  findings  in similar 
circumstances  in the preceding experiments. 
In  every  case  in  which  cell  counts  preceded  and  followed  the 
operation of splenectomy,  it appears  that  there  is  a  definite  rise  in 
the number  of cells immediately  after the operation.  This  is  true 
both with and  without the association of pilocarpin.  Although  the 
operations  were done  with  as  little  manipulation  of the  organs  as 
possible, it was conceived that the mechanical  factor involved in the 
handling  of the spleen might to some degree be accountable for this 
effect. 
It was determined therefore to massage the spleen in order to see 
if  similar  results  would  be  obtained.  After  ascertaining  the  cell 
count of the lymph, the spleen was exposed and subjected to squeez- 
ing  and  manipulations.  This  was  kept  up  for  five minutes,  after 
which the organ was dropped back into place. 
The  next count,  ten minutes  later,  was as large as  if  a  full  dose 
of pilocarpin  had  been administered,  for it  showed  6,IOO  cells per 
cubic  millimeter,  whereas  the  original  count  was  3,8oo  cells  per 
cubic millimeter.  This is undoubtedly evidence that contractions  of 
the  spleen may be a  great  factor in  increasing  and  in  maintaining 
the cell content  of the  lymph. Robert L. Dixon.  75 
TABLE  X. 
Insertion  of  Thoracic  Duct  Cannula;  Splenic  Massage;  Splenectomy. 
30 minutes after insertion of thoracic duct cannula 
3o-35 minutes after insertion of thoracic duct cannula, spleen 
exposed and massaged 
45  minutes after insertion of tl~oraeic  duct cannula 
55 minutes after insertion of thoracic duct cannula 
55 minutes after insertion of thoracic duct cannula 
65  minutes after insertion of thoracic duct cannula 
75 minutes after insertion of thoracic duct cannula 
75-8o minutes after insertion of thoracic duct cannula, 
spleen removed 
IO minutes after removal of spleen 
Io minutes after removal of spleen 
25 minutes after removal of spleen 
Lymph. 
Total cells per 
c.mm. 
3,800 
6, I00 
5,ooo 
6,400 
7,000 
5,500 
5,000 
Pilocarpin hy- 
drochlorid, 
20 mg. 
20  mg. 
Ten minutes  later the  number of  cells  had  fallen to  5,oo0  per 
cubic millimeter, and  twenty milligrams  of  pilocarpin  were given. 
The number of cells increased to  7,ooo per cubic millimeter.  The 
spleen  was  then  removed,  and  the  next  count,  ten  minutes  later, 
showed 5,5oo per cubic millimeter.  Another dose of pilocarpin was 
given, but it failed to increase the number of cells. 
The  general  consideration  of  these  experiments  falls  naturally 
under three heads : (I)  the effects of splenectomy, immediate, early, 
and late, upon the thoracic duct cell content ; (2)  the effects of pilo- 
carpin hydrochlorid upon the conditions existing after splenectomy; 
(3)  the effects of splenectomy upon the conditions induced by pilo- 
carpin hydrochlorid. 
In  addition  to  these  three  topics,  we  shall  consider  the  factors 
involved in the action of pilocarpin. 
(I)  The lymphocytes in  the blood after splenectomy have been 
counted and studied.  Delamere (Io) refers to the results of various 
workers and to the differences in their observations.  He mentions 
the work of Uskow  (II),  Emilianoff  (12),  Hartmann  (I3) ,  and 
Vaquez  (T4),  who  found  the  lymphocytes increased  after  splen- 
ectomy, and to Koroboff (I5) , who found them diminished.  If we 
are to adopt  the statement that  most or perhaps  all  of the cells of 
this type in the blood are  furnished it by way of the thoracic duct 
lymph, then we may assume that  alterations  in  the lymph content 76  Effects of Splenectomy in the Dog. 
will be manifested by changes in the blood content, and, on the other 
hand,  that  alterations  in  the  blood  content  are  consequences  of 
alteration in the lymph content.  These interdependent relations are 
found not to be constant, and should not be assumed to be so when 
we consider that lymph flow, cell destruction in the blood,  and the 
ratio of the supply of these cells to their destruction in the blood, are 
not constant. 
Yet  it  would appear  reasonable  to  think that,  accompanying or 
immediately preceding an increase in the lymphocytes in the blood, 
there is a  relatively equal increase of these cells in the thoracic duct 
lymph. 
By an  examination of the tables,  it  appears  that in  all  cases  in 
which counts were made immediately before and after splenectomy, 
there is developed an increase in the number of these cells.  This, 
however,  is  not permanent,  and does  not add to the  sum total  of 
the effect of pilocarpin.  This is  shown in  tables  VII,  VIII,  and 
IX.  In tables VII and VIII, splenectomy was preceded by the ad- 
ministration of pilocarpin,  and  the increase might be construed as 
the  further effect of the drug.  But  in  table  IX,  splenectomy was 
not preceded by pilocarpin,  and yet the increase is  evident.  This 
increase of short duration following each operation, gave rise to the 
thought that it might be due entirely .to a mechanical factor ; namely, 
the manipulation of the spleen  and  intestines.  In experiment  IO, 
the mechanical element was made prominent, and the results were 
very suggestive.  An increase similar to that induced by piloearpin 
occurred.  If  allowance  is  made  for  the  time  necessary  for  the 
duct to empty, we see that this increase was not persistent after the 
manipulation. 
From  these  experiments  I  should  conclude that  the  increase  in 
lymphocytes in the blood and lymph immediately after an operation 
involving  the  handling  of  the  spleen  and  intestines,  is  of  purely 
mechanical origin.  In  conjunction with  this,  I  may suggest  that 
the action of pilocarpin in increasing the lymphocytes is mechanical, 
inducing  contractions  of  the  spleen  and  increasing the  peristaltic 
movements of the intestines. 
Furthermore, in experiment IO, it appears that the final removal 
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the view just  stated, because in this  case, the spleen had been sub- 
jected to vigorous massage and then to the action of twenty milli- 
grams of pilocarpin.  In that condition, it may be said to have been 
emptied  of  the  cells  which  would  have  been  expressed  into  the 
lymph circulation by the operation. 
The  early effect of  splenectomy is  ascertained  only by  a  com- 
parison with former general observations.  With this  in mind, we 
are led to believe that  after intervals  of one to  four weeks, there 
is  a  relatively low  cell content.  This  is  probably to  be explained 
on  the  basis  of  the  absence  of  a  white  cell-forming organ.  The 
first parts  of tables  IV,  V,  and VI  give the data upon which this 
is based. 
The late effect of splenectomy is ,to be seen in experiments  I, 2, 
and 3.  As these counts fall well within normal limits, we must con- 
clude that  the operations  had  no lasting  effects.  To  explain this, 
we may assume that there was a  compensatory action on the part 
of other white cell-forming organs.  The  compensatory action  of 
the  hemolymph-nodes  after  splenectomy has  been  established  by 
Dr.  Warthin  (9).  In my cases,  there was no  such increase in the 
size and number of hemolymph-nodes as he secured in sheep.  How- 
ever,  in  two  of  the  dogs,  tables  I  and  III,  there  were more  and 
larger hemolymph-nodes than  are usually  found  in  these  animals. 
In case 2,  close search  did not reveal any such nodes.  It  is  per- 
haps significant that the lymph cell count in this dog was less than 
in the other two. 
Another circumstance in this animal was very marked.  Although 
dog  2  was  operated  upon  at  the  same time with  the  others,  and 
although its wounds healed perfectly, and it appeared to do equally 
well at first, it soon developed a marked degree of emaciation, and we 
found it imposible to improve his condition.  Dogs  I  and 3,  on the 
other hand, became quite fat and remained so during the time they 
were kept.  Dog 2 was kept well supplied with food and water, and 
it was often noted that he devoured more food than the other dogs. 
He became vicious and killed several of the other dogs in his pen. 
Whether or not his inability to thrive on the  food supplied to him 
was  in  any way related to  the  failure of the hemolymph-nodes to 
develop  is  not known.  It  is  simply mentioned in  this  connection 78  Effects of Splenectomy in the Dog. 
because the  condition  was  strikingly  different  from  that  found  in 
the other cases. 
(2)  The  effects  of  pilocarpin  hydrochlorid  after  splenectomy 
were demonstrated in all ,ten cases.  With the single exception of the 
last, there developed an increase in the number of cells in the lymph. 
Tables  I  to IX  show an immediate response to  the  action of pilo- 
carpin.  The  striking  feature  of  this  increased number  of  cells  is 
that  the  rise  in ,the  count  did  not  nearly attain  the  height  usually 
obtained by injections of pilocarpin in dogs not previously treated. 
This  was  equally  true  in  those  cases  in  which,  several  months 
after  splenectomy,  the  cell  count  had  returned  to  normal.  It  is 
evident,  then,  that  in  estimating the importance of the spleen  as a 
factor in the action of pilocarpin, the effects seen after splenectomy 
must be deducted from the total  increase of cells in non-splenecto- 
mized animals. 
We  believe that  the  whole effect of pilocarpin  in  increasing the 
number of cells  can be explained  on a  purely mechanical basis,  as 
has been pointed out in the reports already ci,ted  from this  labora- 
tory.  After  one  site  of  this  mechanical action,  together  with  an 
important  source  of the  cells  under  consideration,  is  removed by 
splenectomy, we still have left regions in which this  force is opera- 
tive.  Increased  respiratory  activity  is  an  important  factor  that 
has been emphasized before.  But  there is  another factor to which 
we find that attention has not been called, i.  e., the marked increase 
in peristaltic action of the intestines. 
In  the  walls  of  the  intestines  and  in  the  mesentery is  situated 
a  relatively broad  channel of lymph-vessels.  Under  the  increased 
activity of  the  musculature of the intestine,  the  flow  of lymph  is 
increased.  A't the same time, there is a great escape of fluid into the 
lumen  of  the  intestine.  As  a  consequence,  not  only  is  the  flow 
of lymph increased, but the lymph itself, as well as the blood, under- 
goes condensation due to loss of fluid. 
The  deduction  from the  experiments,  viewed in  this  relation,  is 
thai, after splenecmmy, injection of pilocarpin causes an increase of 
cells  in  the  thoracic  duct  lymph,  which  is  to  be  explained  by  the 
increased activity of  the  respiration  and  especially of the  coils  of 
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(3)  The effect of splenectomy upon the effects induced by pilo- 
carpin is  demonstrated in  several cases.  As has been pointed out, 
immediately  after  the  operation  there  is  an  increased  output  of 
cells.  This  has  been  explained  as  being  a  consequence  of  the 
manipulation of  the  spleen.  Very  soon,  however, Chere  results  a 
decided drop  in the count,  which we consider due to  the removal 
of an important  site of cell  formation and of mechanical activity. 
Not all this decrease is to be attributed to the removal of the spleen, 
for we must realize that the other mechanical factors are gradually 
declining in their efficiency at the same time.  It is evident, though, 
that  removal  of  the  spleen  after  the  administration  of  pilocar- 
pin hydrochlorid lessens materially the effect of the drug as meas- 
ured by Che number of cells in the thoracic duct lymph. 
CONCLUSIONS. 
I.  Splenectomy in dogs results in an immediate increase of cells 
in  the  thoracic  duct  lymph,  due  to  the  manipulation  involved  in 
the operation.  This increase is soon followed by a  low cell count, 
attributable  to  the  removal  of  an  important  source  of  the  cells 
under consideration.  Several months after the operation, a  normal 
cell  count  is  reestablished,  due  probably  to  a  readjustment  of 
activity on the part  of other cell-forming tissues. 
2.  Pilocarpin  injections  after  splenectomy result  in an  increase 
of  cells,  attributable  to  an  ihcreased  activity  of  the  respiratory 
organs and of the intestine. 
3.  After the injection of pilocarpin, splenectomy may increase the 
cell count, but it causes a decrease sooner than in cases of pilocarpin 
injection not followed by splenectomy. 
In the preparation of this work,  I  am under obligations to  Pro- 
fessor  Warthin  for  a  general  oversight  of  the  problem;  to  Dr. 
Morse, of the Pathological Department,  for much help in the rou- 
tine of many of the experiments, and for making cell counts; and 
to Dr. KoUig and Mr. Hillman for assistance given several times in 
the splenectomy operations. 80  Effects  o[ Splenectomy in the Dog. 
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